Duchenne muscular dystrophy (DMD) is a genetic disease which is associated to a 17 progressive skeletical muscle degeneration. Swimming is usually indicated for avoiding 18 impact and facilitating adherence because of a better adaptation to a warm water 19 invironment and also for its benefits on cognition, and modulating memory and learning 20 processes and for increasing antioxidant defenses in oxidative stress. The objective of this 21 study was to evaluate the effects of a swimming protocol on memory and oxidative stress 22 in an animal model of Duchenne muscular dystrophy. Methods: male mdx and wild type 23 mice within 28 days were used in this study. The animals were trained in an stepped 24 swimming protocol for four consecutive weeks. Twenty four hours after the last exercise 25 day, aversive memory and habituation memory tests were performed and removed the 26 encephalic structures of striatus, pre frontal cortex, hippocampus, and cortex and 27 gastrocnemius and diafragma muscles to evaluate protein carbonilation and lipid 2 28 peroxidation and free thiols. Results: it was verified that swimming was able to reduce 29 significantly the levels of lipid peroxidation and protein carbonilation in gastrocnemius 30 and hippocampus and striatus in exercised animals. Swimming has also prevented lipid 31 peroxidation in diafragma. Besides, this swimming protocol was able to increase free 32 thiols in gastrocnemius, diafragma and in analysed SNC structures. These results showed 33 that swimming prevented aversive and habituation memory in mdx mice. 34 Keywords: Duchenne muscular dystrophy, Swimming , oxidative stress 35 36 37 42 symptoms [1-3]. 43 Treatment of patients diagnosed with Duchenne muscular dystrophy (DMD) needs 44
Introduction 38
Duchenne muscular dystrophy (DMD) is one of the recessive X-linked PMS and 39 mainly affects males. DMD usually presents in early childhood, characterized by delays 40 in motor milestones. DMD leads to weakening of the skeletal muscles and is known to be 41 the most common and severe type, due to its early onset and the rapid evolving of a 535 nm microplate reader. The technique consists of the following form: firstly, the 135 dilution value was calculated so that the TBARS reaction tube has 100 µl of tissue protein 136 in 500 µl of BHT buffer. Thereafter, 500 µl of the 0.67% TBA solution was added. The 137 tubes were placed in a dry bath at 96 °C for 30 minutes. To stop the reaction, the samples 138 were placed on ice for 5 minutes. Finally, 200 µl of the reaction mixture was placed in 139 96-well microplates and read in the 535 nm microplate reader. This method was used for protein oxidation dosing. It is based on the principle 143 that several ROS attack protein residues, such as amino acids, produce products with the 144 carbonyl group, which can be measured by reaction with 2,4-dinitrophenylhydrazine. The 145 carbonyl content is determined by a 370 nm microplate reader as described in the study 146 by Levine et al. (1990) . Firstly, the tissue was homogenized in 1 ml BHT buffer. Samples 147 were centrifuged for 15 min at 4 °C at 14,000 rpm. Of the sample, 200 µl was separated 148 to blank and 200 µl was separated for the test. Of 20% trichloro acetic acid (TCA), 100 149 µl was placed in all eppendorfs. It was centrifuged for 5 min at 14,000 rpm. The 150 supernatant was discarded. The pellet was redissolved in 100 µl of 0.2 molar NaOH. Of 151 dinitrophenylhydrazine 2.4 (DNTP), 100 µl was placed in the sample and allowed to stand 7 152 for 1 h. Of 20% tTCA, 100 µl was placed in all eppendorfs, which were centrifuged for 3 153 min. The supernatant was then discarded. The pellet was washed 3 times with 500 µl 154 ethanol and ethyl acetate (1: 1). For each wash, it was centrifuged for 3 min at 14,000 155 rpm and the supernatant discarded. After discarding the last wash, 1 ml of 3% sodium 156 hydroxide (NaOH) was placed in all eppendorfs. The samples were taken to the bath at 157 60 °C for 30 minutes and read on the microplate reader at 370 nm. Sulfhydryl radicals represent all groups of thiols found in proteins such as albumin 161 and in low molecular weight compounds such as glutathione. These groups may be 162 oxidized when the oxidative stress is elevated. Determination of total sulfhydryl groups, 163 protein-bound sulfhydryl groups, and sulfhydryl groups in low molecular weight 164 compounds (free sulfhydryls) can be carried out using Ellman's reagent (2,2-dinitro-5,5-165 dithiobenzoic acid -DTNB). The thiol groups react with DTNB to form a light-absorbing 166 complex at 412 nm. The technique consists of adding 10% TCA to the same sample 167 volume (1: 1 dilution). Prepared blank containing 100 µl TCA was added to 100 µl PBS.
168
It was centrifuged for 15 minutes at 3,000 rpm (temperature 4 °C); the supernatant was 169 collected and at 75 µl of this, 30 µl DTNB (1.7 mM) and 300 µl hydrochloric acid (TRIS-170 HCl) were added. It was allowed to react for 30 minutes and transferred to a 96-well plate.
171
The samples were read in a 412 nm microplate reader. Figure 3 shows the results obtained after the measurement of lactate in the blood 196 taken from the animals during the swimming protocol.
197 Figure 3 shows that in both mdx and WT animals submitted to the swimming 198 protocol, there was no change between the 10 th and 30 th minutes of exercise in blood 199 lactate above 1 mmol / L in relation to rest values, being mean lactate values of 2.31 nmol 200 / l for WT animals and 2.21 for mdx animals (i.e., remained below the lactate threshold). Figure 6 shows the results of a training protocol on lipid peroxidation ( Figure 6A ), 254 protein carbonylation ( Figure 6B ), and several pounds ( Figure 6C ) in the diaphragm 255 muscle.
256
The non-exercised mdx animals showed a significant increase in diaphragm lipid in the diaphragm muscle of mdx animals ( Figure 6A ). Figure 6B shows the result of the Figure 7 shows the results of using a swimming protocol on lipid peroxidation in 280 the prefrontal cortex ( Figure 7A ), hippocampus ( Figure 7B ), striated ( Figure 7C ), and 281 cortex ( Figure 7D ).
282
The non-exercised mdx animals showed a significant increase in hippocampal and analyzed groups. Figure 8 shows the results of using a swimming protocol on protein 291 carbonylation in the prefrontal cortex ( Figure 8A ), hippocampus ( Figure 8B ), striated 292 ( Figure 8C ) and cortex ( Figure 8D ).
293
It can be observed that the non-exercised mdx animals showed a significant 294 increase in protein carbonylation in prefrontal, hippocampal and striated cortex when Figures 8B and 8C show that the four-week swimming protocol was unable to 301 prevent increased protein carbonation in the hippocampus and striatum. Figure 8D shows 302 that in the cortex structure there was no significant change between the analyzed groups.
303 Figure 9 shows the results of using a swimming protocol on free thiols in the 304 prefrontal cortex ( Figure 9A ), hippocampus ( Figure 9B ), striated ( Figure 9C ) and cortex 305 ( Figure 9D ).
306
It can be observed that the non-exercised mdx animals showed a significant rises, and has as its upper limit an intensity corresponding to an average of 4 mM lactate.
339
In the severe domain, there is no stable phase of blood lactate, with blood lactate rising 340 throughout the exercise time, until the point of individual exhaustion [18] .
341
DMD is characterized by an absence of dystrophin protein in skeletal muscle5.
342
However, the literature also shows that dystrophin is absent in brain tissue, and this 343 change is associated with other changes such as oxidative stress [19] . The absence of 344 dystrophin and oxidative stress in the CNS makes cognitive impairment part of the 345 pathophysiology of this disease. In this study, it was evidenced that the swimming 346 protocol was able to protect the aversive memory and habituation memory impairment in 347 the mdx mice submitted to the protocol. 15
348
The protocol of the present study was started with 28-day-old animals and ended 349 with animals at 56 days old. At this age, these animals would be expected to have 350 impaired memory and learning, which does not occur in animals submitted to swimming. that oxidative stress is present in the pathophysiological process of DMD, as there is an 360 imbalance between the formation of oxidizing agents and antioxidant activity [22] [23] [24] .
361
Oxidative stress is present in DMD, skeletal muscle, and also in the CNS [22] . One of the 362 effects of exercise is increased antioxidant activity. Exercise produces ROS, which act as 363 signals of molecular events, which regulate adaptations in muscle cells, such as the 364 regulation of antioxidant enzymes [25] . In this study, it was observed that swimming 365 increased free thiols, demonstrating that physical exercise is able to increase antioxidant 366 glutathione levels, in agreement with previous studies that demonstrated the protective 367 role of exercise [26, 27] . Free thiols are an indirect measure of glutathione activity, an 368 antioxidant present in greater numbers in the CNS [28] .
369
In addition to verifying the influence of swimming on brain impairment, the 
